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Abstract of JP2003173778 

PROBLEM TO BE SOLVED: To provide a complex graphite material capable of obtaining a 
high discharging capacity and high initial charging/discharging efficiency as it is used as an anode 
material for a lithium ion secondary battery, and a method of manufacturing the complex graphite 
material in high productivity, as well as an anode for the lithium ion secondary battery using the 
complex graphite material and a lithium ion secondary battery. 

SOLUTION: The complex graphite material comprises multi-layer particles consisting of a 
graphite core material (A) and a graphite coating material (B) wrapping the graphite core material 
(A) and/or complex particles formed by the multi-layer particles aggregated, of which, the multi- 
layer particles and the complex particles have a graphite surface layer (C) on the outside surface, 
with crystallinity becoming low in the order of (A)>(B)>(C). In addition, its manufacturing 
method, as well as the anode material for the lithium ion secondary battery and the lithium ion 
secondary battery are provided. 
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( ■< e-* > 1 2 1 , m&mwm 1 3 cOflfSi 
«mi4kjiKfiti»i 5tt-i-2>mmzm^xftozk 

&T*i. ZeMSHztnvX . 02 (a) iCijcTJ: o 

l l fciTOSCtfi 2 fcoia<ctt»S*ifc 
JH8t51E#: 1 3 CSS't^ fcftJO 6 , 1 2 

KiOEIBK^Al lkOjSjgHtcjgH-fSffiji^kS? 

[0 0 6 5] 4fc, Mtl£. m3lzm£#Mffi$:^~t 
(») ifcAtHaKfBJHHA-f r U r-f -fe*-^ 3 yy^f 

KaEIK-rS AMBfflKtt 2 3 0#SS£S« 
24k#Mi«ifli2 5. A-H2 6> Xf-^-2 7fe 
«fcl/^>^-yh2 8^-fS^afrfflVV M#Bb^#2 
3fc, E5SK7A2 1 2<0RJ(c«|ftU II 

1 fcn— ^-2 2 4:^)iSaattjBBr*ffilB 

[0066] -x^yy$*^aa<%fefr« % ttjiwss 

^*MB«tffi<W^F€^ffiT*£ 2 O^JJlTfcffi 
4J:3fcRj£*-5tf>a I iJ4U\ flit*. EBBK^Afc 
AflVfffrMi.^lHi (02 ) £fflir*5*£(cli, 
H5AtP«ia«5«fc^ffi«gM£: 5-5 0m/s, ff# 
la^ffiRi 1-100 mm. 2>USB#Fg| 5~ 6 0#O^#T 

?-£tf§i.£gK (03) <0*&£fcti. H^h'^Afcn 
k<0M&KMl 0-100m/s, ®S4lfl3 0 

[0 0 6 7] 4/s % xtrsyst/i'Zimcoxmifi. *sa 

ttWB, WBBSttJflL »^t!BrifO*W8 
[0 0 68] <ftiK&n& (JMBft) xxay^sa/ws 

itfRSfu JIMBfcSfc.*. MftAKti^ WcM&Sft* 
i *>T*ttrv^ Mifrfb££ ±tf h WU&fr b' » 
i Lv^. JMfctttctt, 13 0 OTZm&Mt L< „ J; OSf 
4L<(S1 5 0 0X^LhT*&. ±RJi. glg^i}^ 
**M&tf>*SteB&<*HjS*»6 3 2 0 0X:MST'*> 0 , # 
4L<(22800~ 3000rT'£>£. <I<7)J: -p&iSS 



(CO. 5-50h v l5-£L<H2^20hW&t&Zt 

tzx o . u **.m * ^zacwftnaratm^if fc lt 

[0069] ^^m^^mnwowmr^m^z x 
*). xmfenmm&iztufz d 002 fc±txLc^^$ 

(o ) sr^L. SM&o&k**, —ft 

fcLTfe9*BBirai#«J&Tfi*fc:<<, *ftfk*M6 
lt»?^ffi^ffl^(c^j|H±TSii^:«JtT?> h fa 

[0070] *¥m<v®sm$&mmmcoRm± . 
&mm$kz^-r&. (b) s njs«ajt 

[0071] *¥m<nn&fm j st&mi , zemmzts 
frLxnmime>m&. mta. tmw&^^-^m 
nmmtf j &mx.mm&% t'iz & mm-rz z t &x-$ % 
mz±^LtzVi-^^^^-^Mmconm$tmb 
Lxmmx*b&. or. *m&*&m&mmztm 
unbLxm^^tzOi-^M.^ *>--<%mMnm. zt>iz 

[ 0 0 7 2 ] < 0 *>-&MM> V * 

mmt. nmtmb Lx^m<o^mmnmm^ 
izk&wmizm&zivr^ fa^mmmfSimmiz^ 
xii-mm* o *}-*7J±4 * y-<xw.m.<o^m izmtz . 
[0073] <n.M>*ftfMm4mmmm&t*%:& 
nmcowku. m$;<Df$M-%mzmtxfto z\bwxz 

4 a-^HiS«W^c7)ttSg2r5£^tc? | # ffi L , *-pS v 

[0074] sssitimcji. «-^mis«w^tc^-M 
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*=5rif#fflv^ilft. .Ifl^SrSfffl-rft ft. 

gr^ii. asr. Mmsmo-kA* i~20 nm%?m. 

[0075] mS^Wti. IfWtll Mftio 
£ . IWIt L < l2PoffiK!£*rr ft -T i: V 

mm-z>zttfx-%h. z<m. m.'gnm&zm^zz 

«. ^-Xhlt. ISt^^t-tt300~300 
0 r p mgfcTiWW* £ t tC«k 0 Hg-Tft - t 

[ 0 0 7 6 3 flttif . *f^aagj8&K$ra 

[0077] ^^itiirjiisstm t teismcom.^ 

~3 0 O/zmfc-rS^a^ST'&ft. 

[0078] ttz. nm^mmt:. m-^m^mtmt. 

*«MteU &MrtT^vhri^Xj£^LTJ&£-?-ft 
-lfciT-#ft. 

[0079] Hfl8*3tW*»«L«:«. Tl^Xjnffi^) 

[0080] *%m<r>v j f- i, 7^*>—'&m.mzi5\^ 
x. Mmzm^2>Mm&<mvttLxte. mzmmzix 

l§^#cokol?#JBu£>*ift. m^WfctTti. «i 
If, 81. Xt>vx. --vlnvm^fZZbtfX'Z 

h . mmm>WJi-\t . 5-20^ miiw 

[0081] <jES>iE»3*m (lEH^H ) * tt 
ftS&K A-J-S^AKfcHl (V 2 o 5 . v 6 o 13 . v 2 o 



m.-m^:M x Mo, S 8 ., (5£+XJiO£X:S4. 
Yli 0 S Y £ l <0®BO&fiT*£> 0 . M<is^Jg& f 

o&g&mt) x-mztiz>i'*7V)mte&to. 

[ 0 0 8 2 ] ±£ 'J A*«»BA8BMI:1«i. 'J * 

mj±0>&&&BizmmLtei>v>x'S>'>xt>i\\ y+ 

( 1 ) i.p M (2) r 0 2 (S"fPli0SP^lM 
<oa€T**> 0 . M ( 1 ) . M { 2 ) ttiWr< h t-SO 

WMLmjzm^tcz . ) hh^\z& ilimid 

X'h 0. m (1) , m (2) i±4?%< k i>-n?>w&& 
) T*&iift'[fc&arc*4. 

[0083] _b!£5SK:fcVvC. MT-fl$ilft:©£&«7C 
StfcLTli:. Co.Ni.Mn.Cr.Ti.V.F 
e, Zn, Al, In. S n&fc'j^tf #£L< 
liC 0> Fe. Mn. Ti, Cr. V. AlTfcft. 

[ 0 0 8 4 ] U f7A^»iiS»IftWJ: L 
TJ4. L i Co0 2 , ^ : L i p N i Q Mj., 0 2 (M 

e. Mn. Ti. Cr. V. A\frt>Ml£tl&'J'-%<k 
i>—m. 0. 05^P. 0. 0T'£ft. ) 

T*S*lftU?-*>A«-&lHfcStL LiNiO; , LiM 
n0 2 . LiMn 2 0 4 tcZWmfhtlh . 
[00853 ±ieoy <f-*72»ttW&&WZ6$iftMt. M 

l i . m&w,<mmizwmmz\Emmk 

T6 0 0°C~~ 10 0 0 x:«>aUBRH"^Rffcf ft <!. b izi 

stKat, Tmimma^^^imx-hh. * 

[0086] ^Oi 3 «rjEStmc J: -jTjES^JW 

mzwfi-rzz t x'WBk£tmzmwL-r& . t&smt l 
x\i. m^osiitto ^xm^Ltzt <otf\ ^i*tii>mi 
-sjmx-hz. mmfflt ltj±, «ior. ^sw^. ^is 

[0087] M^MI^tlS^Jftf. * 

A*fflV^*lft. . LTJi. T/U$x»7A 

ft. -e<7)ff$f: LTJi. 1 0~4 O/zm^tO^ifa-C 
S>ft. 

[0088] ± tziEmv>igr& hnrntmrnz. mm&m 

&m*HzsmZithZkX"<-AbVitzL. ^<ry<- 
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TIEfii^J«$r^LTt>i<. JEfe&mMxl&f&Ltz 
flL $fet7*^Jpffi»<0JE3||*lf-5Tt>»Mr^. £ 

[0089] *JW!fctiVvc, Jilbcoi a^rftfiiiJ J:tf 

[0090] <W8.>*$m<n 0 f"> .M 

"0**WMHBfcji!v*4 lip 

F 6 „ LiBF, s L i A s F 6 . LiCIO, . Li 
B(C 6 H 5 ) 4 . L i C 1 x LiBr. L i CF 3 S 
0 3 . LiCH 3 S0 3 s L i N (CF 3 S0 2 ) 2 , 
L i C (CF 3 S0 2 ) 3 . Li N (CF 3 CH 2 OS 
0 2 ) 2 - LiN (CF 3 CF 2 OS0 2 ) 2 % L i N 
(HCF 2 CF 2 CH 2 OS0 2 ) , . LiN ( ( C F 
3 ) 2 CHOS0 2 ) 2 „ Li B [C 6 H 3 (CF, ) 
2 ]» s LiAlCl 4 x LiSiF 6 Srifoy 

m&x&m^&ztiPcz*. mz. l i p f 6 , li 
nsmtxDmM'g&mmiz, o. i~5moi/L 

<, 0. 5~3. 0s»l/L **±0»*LV\ 
[009 1] JJE#*WMtl±* ^^MclgjPBSfc L 

I. 

[0092] mmmE*.wMm&t-tz®i!rizi±. mm 

tLX. x^-i^#-#*-k rati/y^-,^- 
K S^f-zl^— K vX^-/U#— K 
1. l-4fctil, 2-i^.X h*^X*i^ l, 2-5>* 
Xh^X^i^ fH7hKD77>, 2-^-f/^h 

V7>, 4-^f-;l^-l, 3-^^fy7>-. 7-V- 

y % T-fehxhU/K 7ne^hiJ;K tf^&hy.* 

/l^TSK N-^WaiJHy. »Kif;p, hy 

-OK m-ftOV-f/K f>7bKDf^7xy. 

[0093] #*«»«£iS7>™fr©!¥«. 



K^b'x y -f ^/M- 7 -f H -Mt7^D7o b'P 

ttOffi^^4>. *y t'=.'JfX7;^7>f K^b'xy 
tV^/M-?-* K^t7;^n7nfi/yM^ft 

[0094] ifL4»^t»^H*iE»«, m-^y^m, 

tLXit. m&<7)i>co&^~ftii>mm'*lMX'$>&. Yjv 

mH. 0. l-5mol/L ##4L<, 0. 5-2. Omo 
1/L tfiOffiU*. 

[0095] ^<oi o tcmwmm^^nmt lxh 
mzmmi%\w* mm. ~?hv<y 9 mmtt&m 
«^i> y ^^uaxumm^M-Br l . tmttx 

y*-*Att*j.fctfifflBE£Ste-u *coM-&mi,zm*r\- 

[0096] 2 fe, WiEBflc^flt^OjffiKofRt^i. 
10-9 0MX#jffiU, $^(C»^L<{±, 3 0 
-8 0fi%f|,S. 10-9 0«4%-C^-i>t. 

[0097] *%fflco y ^-^A-f ^->-z:<^?fi{±. b^N- 
l^—9—i^LX^Xi>J:^. -t^U—9—te. #£RS 

ft^WtJi. y x^- 1/ >-fc J: t/*r y td tr p 
[0098] ^%ffl<?> y ^-"7^^ ^->--i^?fitCiD^T 
fflv^4 d fc *wr* h . ^«jS?«-<>^?6ii. MIS 

h&ttzn, it^mttmmt lxj >v-9> 

x.e+ttlzi&K X'Zl W^kzA^i^co iicozm^^ms- 
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[0099J §<btc ^fmxnv^n *y-xmm. 
ztizi>cr>x'itt<. Pimm. nw. 34 vm. x?y 

[0 100] 

mtnzm^x. th^^cl^^t; 0 1 tz&t 

[0101] <ft®£3!K-;*. hcoi8g>IS£gySJttt 
SlfclV^I^l,. **5*"tf--£JflVvC2 0 0 0nw 

-c-3 0 #fgjg# t . wssso^fts^aK-* t- £pg 

[0102] <#fflm® (ft®) <DSSjt>JiIBOft®£ 

$$>tcJt£4»-C9 ox:i,zti&&LXtmz»&Z-£xnm 

Ltz. mz. z<7)$m±.izmm2iifzM.&£%izv-? 
-yuxizx^xtaZL. z hizmmt-mizm&i 
5. 5mv>pijW)ti,zfj-hm<zbX'. mmfrt>%&MM 

2£S3tLfc. 

[0103] <2*®<7)gjS> U A&JRIfSr . - v * 
-v h tzmtif . Kg 1 5 . 5 auncORSLBcfT*>i£V * 
T. -7^y>H4S*tft(7a) k. tt*« 
*t:aptt«:yf-'>AAIWI*»6**irti4 (IE®) £ 
MftUfc. 

[0 104] <«g«>Tntrw h 1 0 

ol%. lfl/y*-,f*-}-5 0 ol^fcil^^x^/P 

*- h 4 0 01 %*Mi&)m&mmz. Licio 4 

lmol/dm3 fc$r&»rCi»BS-£. ^Mc«ffiK»WHt 

[0105] <S«fflm?fi^S3t>Pfii5fflS?ak LT. 
Hllc^-ThfcO. y Tlkfl^te 3 kt±. *0 

S^g|5^fcV^T^**X^--y h 6Z<frLXfrL#>t>tUz 
WBWHftSrWU <e*>rt»C fl^fi&3tf>rtB*»4>l8 
(C. --y^/^-y K*^=5rSmm*7a. Uf-^AfSJ: 

»5-3:&R&#<7)*f®4. mJS?®jg^^«$iUHr^ 

-95, %m&mfrb%hwwfcwmw& (ft®) 2 



6 vS^<^m?fir Kfi L*. 
[0106] ©5?SiSfflte£-*S$-£*:-fe: 

Mmk7biz®mLKftmmm2k. m 
mm atsg»Lfc*t®4 k*>iat=flw/c*JiLfc», 

f^fflm®2$r^|^-yrirttC, ««4&««te3rtte 
IRSLT. ^l^-yTli:^*3k2r-^i5^ 
•yT-l k««te31:^JBa»*ieawr^-y K6Sr^-L 

iz&^xfkmmmimb LxmM*im%m£&mtt®Z'k 
n-r&ftmnm (ft®) 2^ uf->AAW5*»4»*4 

*}®4 fc *^m«§iti»m?fiTS)S ? 

[0107] nLhnx 5 izLxmmztuzmmmmmiz 

owe, 2 5X:^^TT1E^3EfireSS§iS:fT-o*:. . 
< A fe ^ i» £ il> 0 . 9 mAOS^ffl-C-ES&mE^ 0 mVfcJg 
■*-*4-C5&^tt*«£fTV\ 0R«E**O«VfciiLrt:B* 
.■St'MMCffl 9 »i . £ <o 2 0 fxk liZ 

*44T*«S:»tfca. 12 0^Ha»ihLit. ifcfc: 
0. 9mAOmSSfflT\ H»«E*»2. 5V {Z^th^X 
%Mu$MMZ'rt^tz. ZtmiW 7MZ&nhW%& 

wttMX®m (%) = ( is 1 -*m ? w&m®&/m 

1 1M ^/U<7)7E«^S ) x l 0 0 

[0108] au6$*i^a^j»»«tm«* 1 s o 
#tt) ^itc^-r. ai^s^iec, f^fflm® 

<SW*<Dft®fcffl£) tc*3WB^>»^««KSfi^ffl 

[0 109] i^V^-C\ H2-<M ^/UfcLT. ^l-f-f ^ 
;PkH«tLT5ESL^ 18mAO«a«rC. ESS 

k *m i ^ ?Mztniz-&m®&km2v-( ?mzh 

^Si^S^ (%) = (JH2-9--f^A^)ilWSJt/*l 
■9"-f 7)Vcr>1&m&m) x 1 0 0 
[0 110] 4fe. ^ ^ <7)%mWM k tefflizfS i -9- w 

9fi,km-<n$&-x;\ om^a&m^iiiosu ixstcfl! 

^7/1^14 (%) = (W10-^-f^/I^>jj«sg4/* 

1^ 9}V<F>ftMM£.) x l 0 0 

[0111] <Itt4>OSeii$rft®om®^^l . 6 g 
/cm* O^tl. 8 g/c m^m^Ztl? t>-CO 
WffiRlW&lz-o^XfT-otz. 

[0112] (mmi ) 
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uummm <»> m. pk-q 

D 8 0**»fc:*tL"C. 

TJ&tHHS 5/zm) 50 Mi&<m£T\ 

[0 113] #4>*lfc»&*fcffl»»Lfc«. #ftfctt 

4. 2WM% 

qi (*yy>-=reg#a) : 9e«m% 

®tfb£(yh?-&) : 445-C 

e v +0mauk# s o mrnsttp 5 o Mia 
coii4] z<r>imim#zmfi&v®im*m^x® 

# L . -T^tt^S 2 0 /x m^iimf t=MR Lfc. £ 05 
i5g#£ihP£02 ( a ) ±3 itf ( b ) (cauat^-^^y 
^Srt/Waa^B (*y^7S?D>- (») gg. y#y 
7a-y 3 yyXfA) ftfc&AU * # y $r § # /US 
3£fTo£. £<50i:#. 0teF7A<7)J§j£&2Oi/s. 

[0115] out, *#y^5#/W!ffluaatt£ir 

7 'J -XiXm, LX 3 0 0 0*CT'5 BffiMflft LTJM&fl: 

aac, &t>ti*zm&m&mtmzm^xwmmmi&zm 

fcateJMBHltF- 1 g Sfc 0 co&m^i ( m A h/ 
g) » ^UW3tScm^ (%) . MMftMffim {%) „ ±3 

[oi 1 6] mi tz^ztihzotz^ mmix-fttzti 
[0117] (mmm2) 

o . 7 %o^^oi§M^tt^n^^ ( #®m > 
03tc^ry^y7-$^/was^ifi < (»> 

Ojmg 6 0m/s T-2!U1B#IS 3 «^)jfefr £ £ 



MiSJtSfifeJi . TOtfr?®# 2 0 /* m . TX^f V Yc& 
1.8. xm&M®iFrmzJ;&&sy&tfd <)n =0. 3 
3 5 5 nm. Lc = 8 6 nmT'^o^. 
[0118] 4fc, &£:hJfc/Ii8«&^<0BrB£flf& 

[0119] <lteMiBMBfte>S&>*9|£>£tt4 0 
PK-QL) 4 2SA«fc*-/l4»?lil5 8«*g|fcO 

nm.&tm&mmi oommmemsxtkAL. 1 5 

0rT'3 0*. gf*Iff^5 0mmHgT-?ta. Sff-fS 

[0120] ftktiJzwm&zimsm&tzymL 

^tt^cBlT(Cline^!fei2:4 5 0XTC2 0B# 
1&X'$>r>te. 

[0121] tt:. itmmiz=t-;\,7-frV-y^%i£ 

m&xmmzffijmm. Ltztzz. mm 1 o o mmu 

izit L . gtffiklz 2 5 WMMX'h itzZtfrt>, HI315 
MttinBtt : M^3t^= 2 0 : 8 0 tit 
*$it^. «*fto»«i«{ii. 8«S%T*0. Iff 
S#SP*{i^6. 2 (0. 7X0. 8 + xXO. 2 = 
1. 8) SttXfctWSft.*. £ilt=ML. it^fflcon 
>y ^M^**fe^n a n O«^*(i 6 . 0 

iiyc. 

[0122] mmzm&m&mx'tmitz. mrl 
xabtuzmmtmmi* f%tfs#2 2icm, rx 

[0123] <y^y^s^;^a>ij!:u-c. mmtm 

#:arH3 (a) (b) K^-ry^y7-5^/P«!^a 

xA) p*3(ciSAL. y^yy-^^/UMSIrffo^. -f^i: 
0feh"7Ac7)jgag2Om/s. 5581^3 0* 
0KK7Ai:P l 3gP^OSBgi5mm£O^frTX\ JE 

•^W*fc«03BLfttnLfc. y^y ^5^7^355 

«ttO*MB«|gf*a^%tt^® i 2 2 m . 7X^7 h 
Jttil. 7T**o^. 

[0124] <«^««»HfKo«a>ij:v>T, y #y 

oSiOJlHta-y^.y!;-x^5E«LT3 0 0 0<CT' 
5^d3n^LTII^-fkL. ^HIBKtfffS-^. #^ 

2 2 urn. TX^? hitli 1.7, ifc^Bmii 
0. 5m2 /g s Jltt&flBil. 0 2g/cm 3 Xh^ 
tz. X&£M®ffrmzJ:&t!;&&itdn 2 =o. 33 5 
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7nnu Lc = 88nm, y~?>ft%a£tz£&Rm& 

o. 0 8t?>^. i4(: s sat Lfzm^m&mtmco 

[0 12 5] (Htefll3~5) ^S^il2T'fflV^=/-;W 

^-/nr-yf-jtai oo«»aw)*fc:. ^-rt^vtais^ 

r AEROSIL300j . B*rxny/P 
(ft) IL ¥%?i?-g7nm> £0. 5WA&SanLT 

mi bm&tzLxmsmsimmzwkLtz. fm&<n 

CO 1 26] *lt=*3ft.*J:3<C. H*fefll2~50?t 
( 3 7 2mAh/g ) ICjfiV^Vy^gfifcjfcU *»0 

[0 127] (ifcRWl ) ltttmkH&Jgl£fl£*a 
ffcffl 1 1 LT JR»«m*«Jt Lfc . mZfcl&O 

1 klTjcf . 
[0 1 28] 311 icifcSixS 

1 Tli . W&ffiM&mim L < V * ( ^iggfi** 
*L<**v*) . Hlfe^lliltS^lCit^. R 

[0129] <Jfc««2> HffiWlfcl^tJlf&ia®««9 
ftttftfc:* * ^ J *r 5 ^/WHISitS $r*»-»fcJaWigl 



[0130] m j: o *iMBowarcfc 

S^^yyi^;WSS$rM$^v>itlS0!2T-{±. JMSft 

[0131] (Jti§C0l3) HfcHlfctSWC. 
S #/M5!Ul trSI L*:liiS1aS#£ . 3000 XX'teti: 
< . 1 3 0 0rT\ 5l$Sttl&U #Hi8«*£59£JI 

[0 132]«ltc^§fL^idtc. HiSfl^ISrSSS 

*^jhrw 3 tm^feSMfctfts^ wmm 

[0133] (uamA) mm#nzm&tz4;z%^Jz 
§2jum) mmmitf5imz*zj-y$*jwmL 

isrfflv^r. hmcti tmrnzmmmmmzimL. m 

-f. *ltc^ix-S»J;a(c. JJMB«SHWf**t^rv^Ji; 
aOWBWs^-f ^/H*ttt*«. ®E?5JS5-lS^i)i: 

[0 134 1 umm5) iww«=ii»»t**«rv^ 

§2 Aim) £fflvvt. HtS^ll fc|l|«^WffifflS?e^ 
a 1 tc^-fo * 1 C^$itS i -5 ^MfflrW 

[0 13 5] (JtS^6) ^%032klRltll^lu^«=O 

m&M2t mmizLxmssmtrnzmkLtz. m&ttM 
& xvm&im ^0 t^msra 1 t^-r. a 1 ^ 

[0136] 
[^1] 
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